Known physiological and psychological mechanisms involved in addiction are consistent with the possibility that continued cannabis use may worsen the course of dependence on other drugs. All substances of abuse have well-recognized reinforcing properties. Similar to other potent ingredients such as cocaine metabolites, ethanol, or opioids, the cannabinoids-specifically delta-9-tetrahydrocannabinol (∆ 9 -THC)-have reinforcing-rewarding properties. These reinforcing properties also play a role in relapse. In cannabis use, the cannabinoid reward effect is produced by increasing the activity of the dopaminergic neurons in the mesolimbic-dopamine system, similar to the effect of other addictive substances (10) .
Because of the high comorbidity among drug use disorders, many patients treated for addiction to other substances are likely to use cannabis. Laboratory and animal studies suggest that the rewarding properties of cannabis appear similar in some ways to those of other drugs, raising important clinical issues. Cannabinoids, especially their psychoactive ingredient, ∆ 9 -THC, may continue to trigger pleasant cues previously associated with other substances such as cocaine, alcohol, or heroin. If so, cannabinoids may increase the risk of relapse to other substances. In addition, the continued drug-seeking behavior necessary to obtain and use cannabis may continue exposure to generalized drug-related cues that increase the risk for relapse to the previously dependent substance. These possibilities have implications for treatment decisions concerning continued use of cannabis among patients being treated for abuse or dependence on other substances.
Most studies addressing this issue focused on opiatedependent patients and had mixed results. Among opiatedependent patients in buprenorphine detoxification (11) , naltrexone maintenance (12) , or methadone maintenance (13) (14) (15) , concurrent cannabis use during treatment did not appear to worsen patients' outcome. Two other studies with similar subjects reported that cannabis use increased the likelihood of negative outcome for drug use (16) and relapse at 6-month follow-up (17) . There has been surprisingly little study of the impact of marijuana use on outcomes among subjects with either cocaine or alcohol addiction.
To gain a broader understanding of the effects of cannabis use on the posttreatment outcome for other substances, prospective follow-up studies are needed with high response rates to preclude bias caused by dropout among the patients with poor outcome. To our knowledge, in this article we present the first such study to address the effects of cannabis use on postdischarge outcome of inpatients treated for alcohol, cocaine, and/or heroin dependence. Inpatients were followed for up to 18 months after their hospital discharge from inpatient substance abuse treatment. Analysis addressed three outcomes: 1) time from hospital discharge to first use of the drug on which the patient had previously been dependent, 2) time from hospital discharge to the start of sustained remission (26 or more weeks of continuous abstinence), and 3) time to relapse after the start of sustained remission. We predicted that postdischarge cannabis use would decrease the time to first use of the other substances, decrease the probability of sustained remission, and increase the likelihood of subsequent relapse among those who remitted. Because we previously showed that primary and substance-induced major depression influence the outcome of substance dependence (18), we controlled for this and other factors in our analyses.
Method

Participants
As described elsewhere (18, 19) , participants were inpatients in a New York dual-diagnosis facility who were not severely psychotic or medically ill. All patients were treated primarily for a substance use disorder. Of 379 patients invited to participate, 92% (N=349) participated in a baseline evaluation. Of these, 279 patients were of interest here because they had a current baseline DSM-IV diagnosis of alcohol, cocaine, and/or heroin dependence and never experienced mania or nonaffective psychosis. Of these, 90% (N= 250) participated in at least one follow-up interview. These are the patients described here. Their mean age was 36.9 years (SD=9.2), 66% (N=165) were men, 57% (N=142) were white, and 15% (N=38) had not completed high school. Diagnostically, 15% (N=38) had lifetime antisocial personality, 22% (N=54) had current primary major depression, and another 22% (N=56) had current substance-induced major depression. At baseline, 75% (N=188) met DSM-IV criteria for current alcohol dependence; of these, 79 (42%) were also currently dependent on cocaine, six (3%) were also dependent on heroin, and 17 (9%) were dependent on both cocaine and heroin. For cocaine, 58% (N=144) met DSM-IV criteria for current dependence; of these, 79 (55%) were also currently dependent on alcohol, 14 (10%) on heroin, and 16 (11%) on both alcohol and heroin. For heroin, 20% (N=49) met criteria for current DSM-IV heroin dependence; of these, six (12%) were also currently dependent on alcohol, 14 (29%) on cocaine, and 16 (33%) on both alcohol and cocaine. Fifteen percent (N=38) of the 250 patients met DSM-IV criteria for current cannabis dependence.
Procedures
Following New York State Psychiatric Institute Institutional Review Board requirements, clinical staff identified eligible, sequentially admitted patients (who had completed acute withdrawal, if applicable) and obtained their agreement to meet with research staff, at which time the study was explained. Patients providing written informed consent participated in a baseline Psychiatric Research Interview for Substance and Mental Disorders (20) (21) (22) (23) . Follow-up longitudinal versions of this interview (21) were conducted at 6, 12, and 18 months. Participants were paid U.S. $35.
Those not interviewed when scheduled were interviewed later whenever possible, at which point the interview covered the time since the previous interview.
Median length of follow-up was 91 weeks; 213 patients (85%) were followed for at least 1 year, and 167 (67%) completed all three follow-up interviews. Bias from loss to follow-up was unlikely because of the high follow-up rate and lack of demographic and clinical differences between subjects who were or were not followed (18) . There was no difference in lifetime marijuana use (χ 2 =0.0003, df=1, p=0.98) or marijuana use in the 4 weeks preceding baseline (χ 2 =0.06, df=1, p=0.81) between those who were or were not followed.
Measures
At follow-up, subjects participated in a version of the Psychiatric Research Interview for Substance and Mental Disorders covering the period since the previous interview (21) . The longitudinal Psychiatric Research Interview for Substance and Mental Disorders includes elements of the Longitudinal Interval Follow-Up Evaluation (24) as well as substance abuse timeline follow-back methods (25, 26) . The timeline grids allow ratings of the course of separate conditions (including substance use, dependence, and depression) by week after study entry.
Interviewers obtained a history since the previous interview and then assessed the timing of alcohol and drug use, dependence and abuse symptoms, and psychiatric syndromes, referring to the timing of life events as needed. When the relative timing of substance and psychiatric disorders was unclear, semistructured probes aided systematic exploration. The timeframe for the timeline grids is flexible, allowing all time since the last interview to be covered rather than a fixed 6-month period. Interviewers had clinical experience and received extensive, structured training and supervision (19) .
After data entry and cleaning, computer programs produced diagnoses as well as the follow-up onset and offset variables. We defined abstinence and substance-induced major depression during the follow-up (control variables in the analysis) as we did in an earlier study (18) .
Outcome Measures Used in the Analysis
Three main outcomes were investigated. The first was any use of a substance after hospital discharge. The second was sustained remission from substance use, defined as 26 or more weeks during follow-up with no use of the substance. The third was relapse, defined as 1 or more weeks of substance use after the 26th week of remission from use. These three definitions were applied to a combined outcome including alcohol, cocaine, and/or heroin, a definition that guards against substance substitution and provides clinically meaningful periods of stability (27) . The definitions were also applied to separate, specific outcomes of alcohol, cocaine, or heroin use. The substance-specific separate outcomes were examined only among patients who had been dependent on these substances at baseline. These outcomes were described in AHARONOVICH, LIU, SAMET, ET AL.
http://ajp.psychiatryonline.org dichotomous form (occurrence versus nonoccurrence). They were analyzed by examining the time (weeks) from hospital discharge to their first occurrence.
Statistical Analysis
The bivariate association of postdischarge cannabis use with the outcomes described was first addressed with chi-square tests or Fisher exact tests. However, such tests do not address the time order of cannabis use relative to the outcomes or censoring due to different periods of follow-up. Therefore, survival analysis was used to investigate the outcomes more fully. For outcome 1, postdischarge use, we examined time (weeks) from hospital discharge to first use of the substance(s). For outcome 2, sustained remission, we examined time (weeks) from discharge to the first week of the 26 or more weeks remission required for our definition of sustained remission. For outcome 3, relapse, we examined the time (weeks) from establishment of stable remission (i.e., the 26th week of remission) to subsequent relapse into use. Data were censored if the subjects did not experience the event by the end of the follow-up, including those lost to death or follow-up.
The cumulative probabilities of remission and survival curves of relapse were obtained with Kaplan-Meier estimates. Cox proportional hazards models controlling for other variables were used to examine the effect of the time-varying predictor of cannabis use. Such models allow for variable length of follow-up time between subjects, making use of all available data for as long as subjects are followed. In these models, a hazard ratio of 1.00 indicates no effect, a hazard ratio greater than 1.00 indicates a positive relationship, and a hazard ratio less than 1.00 indicates an inverse relationship. The control variables included time-invariant and time-varying covariates. Time-invariant covariates included age; sex; race; education; baseline DSM-IV diagnoses of alcohol, cocaine, and heroin dependence; antisocial personality disorder with symptoms in the year preceding the interview; and a variable representing major depressive disorder beginning before the onset of substance abuse or dependence. Because we previously showed that abstinence and substance-induced major depressive disorder affect the outcome of substance dependence (18), we also included time-varying controls for each of these affective disorders. The resultant hazard ratios indicate the risk of occurrence of the outcome event.
Results
Description of Cannabis Use Before and After Hospital Discharge
Of the 250 patients, 92% (N=231) reported lifetime use of cannabis. Among the patients with current dependence diagnoses at baseline, these patients represented 90% (N= 169) of the 188 patients with alcohol dependence, 99% (N= 142) of the 144 patients with cocaine dependence, and 100% of the 49 patients with heroin dependence. Cannabis use in the 12 months before the baseline interview (current use) was reported by 41% (N=102) of the 250 patients. Among the patients with current dependence diagnoses at baseline, these patients represented 38% (N=72) of the patients with current alcohol dependence, 51% (N= 73) of the patients with current cocaine dependence, and 59% (N=29) of the patients with current heroin dependence. Shortly before hospitalization (within 12 weeks), 38% (N=95) of the 250 patients used cannabis; 58 of these patients were using cannabis 1-2 times/week, 16 were using cannabis 3-4 times/week, and 21 were using cannabis 5-7 times/week.
After hospital discharge, 29% (N=73) of the patients used cannabis. Among these 73 patients, the maximum postdischarge frequency of cannabis use during the follow-up was 1-2 times/week for 48 of the patients, 3-4 times/week for six of these patients, and 5-7 times/week for 19 of the patients.
Postdischarge Cannabis Use and Outcome 1: Return to Use of Alcohol, Cocaine, or Heroin
The percent of cannabis users after hospital discharge and the substances on which patients were dependent at baseline among those who returned or did not return to substance use (outcome 1) are shown in Table 1 . For example, among the 250 patients who were dependent on alcohol, cocaine, and/or heroin at baseline, 205 returned to use of alcohol, cocaine, or heroin during the follow-up. Of these 205 patients, 70 (34.2%) used cannabis after hospital discharge. Among the 45 patients who did not return to alcohol, cocaine, or heroin use during the follow-up, three (6.7%) used cannabis after hospital discharge. Thus, the percent of cannabis users after discharge was 5.10 times higher (34.2% divided by 6.7%) among patients who returned to using alcohol, cocaine, and/or heroin than among those who did not.
Among patients who were alcohol dependent at baseline, cannabis use was 3.81 times higher among patients who returned to alcohol use during the follow-up than among those who did not. Among patients who were cocaine dependent at baseline, cannabis use was 2.18 times higher among patients who returned to cocaine use during the follow-up than among those who did not. Although cannabis use was more frequent among heroin-dependent patients who returned to heroin use than among those who did not, the difference was not significant.
Results of the Cox proportional hazards models incorporate the important elements of time order and adjustment for covariates. Cannabis use after discharge substantially and significantly increased the hazard of subsequent use of substances on which a patient had been dependent (hazard ratio=4.83). Postdischarge cannabis use substantially and significantly increased the hazard of subsequent alcohol use among patients who were alcohol dependent at baseline and the hazard of subsequent use of cocaine among patients who were cocaine dependent at baseline. The magnitude of effect was smaller and not significant for return to heroin use among patients dependent on heroin at baseline.
Postdischarge Cannabis Use and Outcome 2: Sustained Remission From Alcohol, Cocaine, and/or Heroin Use
Among all patients in the study, 53.2% (N=133) achieved a sustained remission (≥26 weeks) from alcohol, cocaine, or heroin use, and 46.8% (N=117) did not. Among the pa-tients who did not achieve sustained remission from alcohol, cocaine, or heroin use, 41.4% (N=55) used cannabis after hospital discharge, compared with 15.4% of the patients who did achieve sustained remission (Table 1) . Thus, the percent of patients who used cannabis during the follow-up was 2.69 times higher among patients without a sustained remission from all three substances compared with patients with such a sustained remission, a highly significant difference (Table 1) .
Among patients with alcohol dependence at baseline who did not achieve a sustained remission from alcohol use, 38.7% (N=29) used cannabis after discharge, compared with 19.5% (N=22) of those who did achieve sustained remission from alcohol. Thus, those who did not achieve sustained remission from alcohol were 1.98 times as likely to use cannabis after hospital discharge than those with a sustained remission from alcohol. Similarly, patients with cocaine dependence at baseline who did not achieve a sustained remission from cocaine use were 1.61 times more likely to use cannabis than patients with a sustained remission from cocaine use. However, cannabis use did not differ significantly between patients with or without a sustained remission from heroin use.
The results of the Cox proportional hazards models for time to achieving a sustained remission in substance use are shown in Table 2 . Cannabis use after discharge substantially and significantly reduced the "hazard" of achieving a sustained remission from use of any type of substance on which a patient had been dependent at baseline (hazard ratio=0.18, indicating an inverse relationship between cannabis use and sustained remission). Postdischarge cannabis use also substantially and significantly decreased the possibility of achieving a sustained remission from alcohol use among those who had been alcohol dependent at baseline. Further, postdischarge cannabis use also substantially and significantly reduced the possi- bility of achieving sustained remission from cocaine use among those who had been cocaine dependent at baseline. Again, the magnitude of effect was weaker and not significant for sustained remission from heroin use among those who had been heroin dependent at baseline.
Postdischarge Cannabis Use and Outcome 3: Relapse Into Use of Alcohol, Cocaine, or Heroin After Sustained Remission
Among the 117 patients who achieved sustained remission from alcohol, cocaine, and/or heroin use, 44.4% (N= 52) subsequently relapsed. The proportion of patients who used cannabis during the follow-up period was 5.58 times higher among those who relapsed to alcohol, cocaine, or heroin use after a sustained remission than among patients who did not relapse, a significant difference (Table 1) . Among patients who were alcohol dependent at baseline, cannabis use was 13.3 times higher among those who relapsed to alcohol use after sustained remission than among those who did not relapse, a significant difference. Among patients who were cocaine dependent at baseline, cannabis use was 2.96 times higher among those who relapsed to cocaine use after sustained remission than among those who did not relapse, a significant difference. However, among patients who were heroin dependent at baseline, cannabis use did not differ significantly between patients who relapsed after sustained remission and those who did not.
The results of the Cox proportional hazards models for time to relapse after achieving a sustained remission are shown in Table 2 . Cannabis use after discharge substantially and significantly increased the hazard of relapse to alcohol use after achieving a sustained remission from its use, and was at the borderline level of significance for relapse to cocaine use. However, postdischarge cannabis use was unrelated to heroin relapse.
Effects of Cannabis Use History
Bivariate chi-square tests of the relationship between a diagnosis of lifetime cannabis use or cannabis dependence at baseline (the 12 weeks before hospitalization) and the outcomes described above showed no significant effects of a history of cannabis dependence on any of the alcohol, cocaine, or heroin outcomes. Additionally, a variable was created to represent maximum days/week of cannabis use during the 12-week baseline period, categorized as 5-7 days/week, 3-4 days/week, 1-2 days a week, and 0 days a week. Kruskal-Wallis significance tests conducted with all 250 patients and with subsets of lifetime cannabis users or those who used cannabis during the follow-up period indicated that patients with more frequent cannabis use at baseline were not more likely than less frequent users to experience worse outcomes. These results suggest that proximal use of cannabis after discharge exerted the effect on outcome for the other substances, rather than a distal effect conferred by a prehospitalization history of dependence or more intensive use.
Discussion
Results from this prospective longitudinal study of cannabis use after discharge from inpatient treatment for cocaine, alcohol, and/or heroin dependence indicate that continued cannabis use, regardless of cannabis use history, has a significant negative impact on remission and relapse for other substances. Among cocaine-dependent patients, cannabis use significantly increased the hazard of return to cocaine use, decreased the likelihood of sustained remission from cocaine, and increased the hazard of relapse to cocaine use after sustained remission. Alcohol-dependent patients who used cannabis after discharge were also significantly more at risk to return to use and to relapse to use after sustained remission; the likelihood of achieving sustained remission followed the same negative trend. However, cannabis use after inpatient treatment did not significantly affect remission and relapse in heroin-dependent patients. The number of heroin-dependent patients was smaller than the number of those dependent on alcohol or cocaine, but the hazard ratios suggest that a significant relationship would not have been found even if the group had been larger.
Our main finding that continued marijuana use increases the risk of relapse to cocaine and alcohol use among patients previously dependent on these drugs is consistent with laboratory work in animals showing the possible function of the cannabinoid mechanism in its activation of Although further studies are needed to elaborate these differences, the evidence from animal research suggests an involvement of the CB 1 cannabinoid mechanism in reinstating the use of some substances after drug-free periods.
The finding that postdischarge cannabis use did not significantly increase the likelihood of relapse to heroin is consistent with previous clinical reports (15, 33) . Researchers reported that among patients maintained on methadone (15) or treated with other medications (33) , cannabis use did not negatively affect the outcome of heroin dependence. Surprisingly, only three prospective studies have been published on the effects of marijuana use on the course of treated cocaine dependence, and one was a case study of two patients (34) . The second, a study of 85 patients published a number of years ago (33) , suggested that cannabis use during treatment did not affect the outcome of cocaine dependence. In the third study (15) , a diagnosis of cocaine dependence was not required for participation, potentially making an effect of cannabis use on cocaine outcome difficult to detect. Further, we were unable to find a single report that covered the effects of marijuana use on the outcome of alcohol dependence. This is a limited body of information on what is likely to be a common patient behavior that could have harmful effects.
One reason marijuana use may have adversely affected recovery from cocaine or alcohol dependence but not heroin dependence in this study is that the situation of patients who use cocaine or alcohol is usually different from that of patients who use opiates. In studies of patients maintained on methadone (15), the experimental treatment was followed by continued treatment with an opiate agonist. In contrast, treatment for cocaine or alcohol dependence is usually more limited because the option of a cocaine or alcohol agonist is currently not available. Therefore, it is important to address the effects of marijuana use on the outcome of cocaine or alcohol treatment separately. The gap in the literature concerning the relationship of cannabis use to the outcome of alcohol dependence was surprising. We were unable to find a single study that examined the effects of cannabis use on posttreatment outcome for alcohol dependence, despite the fact that the majority of patients now in treatment for alcohol dependence also abuse other drugs. Clearly, additional studies of this issue are warranted.
A clinical perception that cannabis use is harmless among patients in treatment for dependence on other drugs may be based on lack of knowledge about recent developments in the potency of marijuana in the United States. Data indicate a substantial increase in the potency (concentration) of ∆ 9 -THC in marijuana since the early 1990s (35, 36) . Marijuana abuse and dependence among users have increased over this time period (37) . These developments suggest that cannabis use among patients in treatment for other problems, including dependence on other substances, may be more clinically relevant than previously thought. These results, considered in the current setting of high rates for comorbid cannabis and other substance use, underline the importance of patient's cannabis use being taken seriously by mental health providers who are planning aftercare and administering treatment for dependence on cocaine, alcohol, and/or heroin.
Limitations of the study include the fact that we did not use urine tests, but empirical evidence suggests very high agreement between drug use self-reports and confirmed urine specimens (38) (39) (40) . Participants in the follow-up had no penalties if they accurately reported their drug use, and the overwhelming majority did report drug use to us during the follow-up portion of the study (18) . Therefore, bias due to underreporting appears minimal, although future studies should use biological specimens to verify self-report. In addition, longer follow-up periods would be informative. Almost all patients were followed for a year, ample time to detect short-term relapses. Concerning longerrange results, effects of cannabis on relapse to alcohol or cocaine after sustained remissions may have been underestimated, although the effects detected were quite strong. The lack of effect for cannabis on either short-term or longer-term heroin outcomes suggests that further followup would not have changed this, but additional studies would clarify the point. Failure to obtain treatment could not have confounded the results, since 97% of the patients received substance use treatment during the follow-up.
In conclusion, the results suggest that cannabis use during periods of sustained remission from dependence on another substance should be addressed as a possible risk or warning signal of impending relapse to use of substances on which patients were formerly dependent. A harm reduction model may regard abstinence from the primary substance (e.g., cocaine, alcohol) as improvement and cannabis use as acceptable. The data from this study suggest caution with this approach and that potential negative clinical implications of cannabis use should be considered when treating dependence on other substances and planning aftercare. Given the small body of research on this issue, however, further studies are clearly warranted. Additional longitudinal clinical research studies combined with laboratory studies involving human subjects are needed to further explore the mechanisms of cannabinoids and relapse and to assess the effects of continued cannabis use on relapse to use of primary substances.
